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THE  EFFECTIVENESS  OF  USING  NA.TURAL  GAS  IN  THE  CE1®NT  INDUSTRI  (F 

THE 'USSR-  '  '  '  -  ^ 


^oiiowliig  is  a  "tir^^latibn  of  ^  article" by  Ic  Yao 
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la  de^rmining  the  ecartoiaic  efftectiveflieSS  of  •fche  use  of  _  "  -  ^ 
aatiupal  gas  in  the  aatioaal  ©conoi*^  it  is  neoe^s^jr  to  take'  invO“.i 
account  not  -  ^  more  f  ayprable  technical'  eesh0i1iic  ■lndlca•J•^v.. 

tors  Of  tEe  ;^oductloh  and  t^  cbap^isoa  siil.v 

with  ether  i^orins  of  fuel,  btt  also  tiie  suppleiftintary  effect  thaty  .‘h\:  / 
niay  be  obtained  for  users  of  “natural  gas  wit  the  replacement^  0^ 
solid  or  HQuld  fuel  by  gas'r  ,  ^ 

^-.esria  the  lai'gest  c^  .  Such  consumers  ot  gas  as  an  industrial ^ 
fuel  is  the  'ceiiBnt  industsy^'^, 

:  la  i9^8,  the  ceitient  industry  of  the  omnitry  used  1.6  billloa^w 

of  gaso  i  According  to  the  len3.ngrad  Gi-protsement  liistitute,  abonc 
11  billioE  of  gas  is  to  be  used  at  Cement  plants  in  1965  (Tarle  : 

iiccordi^"4p’'preOAiaina^'ba,reEiation3;,^b^ 
consumption  of  'Cenfent  plants  Should  rise  to  18  biljAon  m orxngA..''^  > 

the  share  6f 'iaS' in  the'  fuel  baiiMca  of  the  celt©  to  '.  ■• 

91%^ 

-  ’'The*  principal' ■indicators  'deterkining 'the;  effectiveness -of  .-jr 
the  use  of  hatiiral  gas  in  the  furnaces  of  the  cement  Industry  ares  .  ' 

reduction  of  the  fuel  ccmp6nent  'pf  •cement  .bost  as-a 
result  of  gas  "cost, -eiiminati6n^^''o^^  fuei-stcrage  andfiiel-^ 

preparation  costs  and  also  reduction  of  relative  f'uel.consumptiQnj  c 

:  ^  r'eduotion^6f  'reiati've'  eiedtri'Ci^p6^r.''OOst3  :'and  .au3dli^^r-A-. 
materials  Costs  5  reduction  of  furnace -lining  eitpenses} 

■  riduiticn  theib-'ri.idf.ng  of  n^ 

plants ''and’  reS’*Ctiou''in  the  nrmbef  -  5f  |je'rsdnael^  ,-ij. 


impi’ovement  of  cement  quail tyo 


Table  1®  Share  of  gas  in  the  total  fuel  consui®ti^_^_^insnt 
niants.  bv  esonoMic  reclons  of  tbe  coi3r»toy>  for  19^* 

Total  fuel 

consumption, 
thousand  t 

Qas  consumption 

Share  of  gas 

■  .  ■  \  .r  •  ■  .  •  .  '  ■ 

1’standard” 

thousand  t 

in  total  fuel 

■' . : 

fuel 

“standard”  fuel " 

edhsumption _ 

North 

281 

'  88'  ’  "  " 

■  31o3  -  ^ 

Northwest 

56l 

199 

35o5 

Center  -  ■  '  ■ -v 

285U  '  •, 

,  .  25Ii3. 

89«0 

Volga  region '  : 

1595  . 

1595 

.  1  ioo?o 

Northern  CauS casus 

^  955  . 

955 

\  .lOOoO  •' 

Heals  v 

'■2252 

,2232  ;  . 

rido.o  ' 

Western  Siberia 

131U 

Eastern  Siberia 

1082 

f 

Far  East 

662 

. — -  '  .  ’ 

Central  Asia  and 
Kazaldistan  '  '  • 

1U17 

i  ,1133 

80c0 

Transcaucasia 

8i(U 

eiiLt  ,  , 

100  oO  , 

South 

2692 

2692 

looob  ' 

West  '^  . 

709 

-  709 

lOOcO 

Tdtal 

17193  ■‘1; 

12988  ; 

■■'V;;  76.6, 

w-  Reduction  of  the  fuel  component  of  cement  costc  Fuel 
occupies  a  considerable  place  in  the  ceiiK>nt  cost  structui'e  — «  ovei 
2^%,  and  in  the  cost  structure  of  cement  cldnker,  almost  liP%q 
Therefore  the  alteration  in  the  fuel  coiT?)oaent  resulting  from  a 
changeover  of  cement  plants  to  gas  has  a  considerable  effect  on 
the  change  in  cement  cost  as  a  whole®  This  change  cmi  be  brought 
about  by:  ;  '  ^ 


*«  reduction  in  fuel  cost]  ,  ■  ,  -  r  ,  .  - 

reduction  in  the  expenses  of  fuel  storage  and  of  preparci 
if  for''''oombustion|  "i,. f,  ,,'-v  , 


—  reduction  in  relative  fuel  consunqjtion® 


““  Reduction  In  fue?.  cost®  It  should  be  noted  t)iat  ihd^ti 
es  tablishments  9  including 'Ciment  plants ,  account  for  fuel  on  v^ne 
basis  of  retail  prf.038t,  Solid  fuol  is  aycour-ted  for  oT.  the  b -.pi  i 


jf «» .2 


of  retaii  pi’ice  FOB  -  station  of  'origin  pit©  the  railroad  charges 
for  its  transportation,  and  natural  is  accounted  for  on  the 
basis  of  delivered  price fl  '  '  ^ 

It  is  xjell  khonn  that  between  the  cost  of  solid  fuel  and  its 
retail  price,  the  difference  is  SKiall  «»  yS%o  Not  so  with  natural 
gasn  Here'>  between  Ijhe  cost  of  its  production  and  transportation 
even  over  very  long  (fLstances  (1,000  -l,5dd  km)  and  its  retail 

pr3.ce,  a  ctinsiderable  gap  esdsttso  .  Therefore  for  deterniniag  the 
effectiveness,  from  the  point  Of  view  of  ^e  national  econoiiy,  ' 
of  the  replacement  of  solid  fuel  by  natural  gas  it  is  necessary  to 
carry  out  the  caloulations  hot  on  the  basis  of  retail  prices,  bus 
vsith  account  taken  of  the  actual  cost  to  the  national  economy,  ioOo, 
on  the  basis  of  the  productioh  Cost  of  fuel® 

Calculations  carried  out  oh  the  basis  of  the  ixrospective  pla.i 
for  1965  have  shown  that, ’taking  into  account  the  indicators  of 
coal  transportation  and  gas  supply  to  cement  plants  3ji  var3.ous  ecc/nomic 
regjl.ons  of  the  count3?y,  the  fuel  component  of  clinker  cost  will 
change  in  the  f ollovdng  manner  (in^)  0 


Northwest  * 

Northern  Caucasus 

3ho0 

West 

■««»  30c*0 

Transcaacasia 

— •  3h''.3 

Center 

Ifrals 

26  >6 

South 

Central  Asia  and 

Volga  region 

—.33*5 

Kayekbstan 

0 

0 

t 

1 

Change,  in  the  relative  consumption  of  fuel  and  eleotri': 
power 9  At  cement  plants  which  bum  solid  fuel,  relative  fuel  ecu- 
sunqjtion  includes  consumption  of  friel  directly  for  roasting  the 
clinker  in  the  furnach,  and  heat  losses  for  the  drying  of  coal  in 
coal  lidlls  (na  ugol^i^^kh  mel^hitsakh)  and  in  drums© 

With  a  changeover  to' gas,  fuel  expend3.t'ir;’es  for  coal  dryin^? 
are  eliminatedo  '  Fuel  losses  in  ualdading  and  storage  also' disappear, 
The  replacement  of  co^  by  gas  permits  a  saving  of  up  to  5^  in  fuel© 
This  is  also  confirtited  by  a  comparison  of  accouhting  data  f or*  piaTl,.! 
operating  oh  gas  and  on  coal«  ;  \  - 


With  the  replacement  of  coal  by  gas,  relative  electric-power 
consumption  at  the  plants  decreases,  since  the  necessity  of  power 
expenditure  f  ca?  coal  grinding  is  eliminatedo 


Increased  furnace  produotivjl.tyo  The  fii’st  experiments 
in  the  conversion  of  cemenlf-indTOtry  furnaces  to  gas  showed  that- 
the  indicator  f or  fiLr:-.iace  utilization  over  t:ljae  is  thereby  impreveio 


This 


is  noted  tXreatfy  in  1938,  cifter  the  corver 
Ico,  cement  pltab  /b./.,,  -as  well  a?:  tr.  a  nw.ber  of 
3/0 


Tersicn  t-c-  gas  c-f  Iho 
other,  later  rrorL'S 


Analysis  of  the  calender-time  utilization  indicators  f 
number  of  plants  in  recent  years  has  disclosed  that,  whereas  mtn 
rare  exceptions  the  utilization  coefficient  for  plants  operating 
on  coal  comprised  80-35^,  for  plants  utilizing  natwal  gas  tlus 
coefficient  has  in  recent  years  been  reaching  95-9o^» 

The  principal  reason  for  the  augmentation  of  rotating-furnace 
productivity  in  a  oonsiderahle  increase  in  the  durability  of  “their 
lining  upon  conversion  to  gas  *  cpeyat j.6n,§  this  is  eixplained  by  the 
mere  uniform  end  stable  technological  regimen^  and  by  the  lack  o 
needs  for  forced  operation  of  the  furnaces o  With  the  operation 
of  cement  plants  on  gas,  time  spent  on  furnace  repair  is  reducedc 

The  more  rhythmic  operation  of  plants  operating  on  gas  is  a 
factor  under  lying  the  higher  3.ndicators  of  extensive  f’^'nace- 
productivity  utilization  at  these  plants*  It  is  possible, 
example  to  compare  the  indicators  of  rhythmic  operation  of  the 
Belgorod  plant,  operating  on  gas,  those  of  the  Karaganda  plai^w 
which  utilizes  solid  fuel  (Table  2®) 

Table  2®  Indicators  of  rhythmic  operation  of  the  Belgorod  and^the 
Karaganda  plants  for  19^ 


Operated  with  standstills 
Uninterrupted  of  total  duration,  in  hr,cfAil.dfy 
Type  of  operation,  land  «  «  stopoa/^evO 

fuel  used  2l!.-hr  rer3.odvS  less  I  to  U  U  to  8  over  6 


oii 


Belgorod  gas  270  23  l5 

Karaganda  coal  185  69  Ifit  25  26 


To  confirm  the  concl‘i;3ions  presented  above  with  regard  to  ^ 
alteration  of  the  technical  and  economic  indicators  of  the  work  of 
cement  plants  upon  their  conversion  to  gas,  Figui*e  5  siiovrs  work 
indicators  of  plants  eqviipped  with  l50-meter  revolving  furnaces 
of  the  same  tupe,  account  being  taken  of  the  fact  that  some  of 
these  plants  operate  on  coal,  and  some  on  gas  /k/ o 


Table  3o 

Fuel 

constmiption 


for  clinker 

Electric 

Coefficient 

lining 

roasting  kg  power 

of  calender-^ 

durability 

standard 

consumption. 

time  utili¬ 

in  oiinkering 

Average  for 
plants  operat¬ 

fuel/t* 

kwh/t  cement 

zation 

zone,  days 

ing  on  gas 

260 

82 

?3o7 

137.7 

Average  for  ,, 

plants  operate 

Ing  on  coal 

271 

83.9 

'55c3::’' 

Relationship  of 

indicators,  % 

-8a0 

>llo7 . 

*For  comparability,  fuel  cons'imptdon  is  recadculatbd  for 
equal  moisture  contejxb  of  the  roasted  niaterial  (sliirry /ehiciii/) - 

Reduction  of  capital  icveStments  in  neT-r  piahts;  plaur-3d 
to  work  ofi  gas  fuel^  Varloits  typeB~of  plaiining  materials  evaluate  ' 
the  reduction  of  capital  investment  in  differeht  ways!;  on  the  aver<i;:j& 
it  amounts  to  5-li^>  wiich  can  be  seen  from  the  data  shcvM  iitt 
Table  h« 

Table  ho  Relative  capital  investments  in  cement  platlts  for 
operation  on  coal  and  ort  gaso 

(according  to  materials  of  plannSng  organiiiatiohs^i-)  , 

.  ;  ,  Relative  capital  invest- 

ments,  ruole/t  cement  Eeduction  of  ,  , 

,  :;For  operation  f’w~operation  relative  capital' 
on  coal  oh  gari  '  investments »  % 

Planning  assigment 

for  increasing  '  .  ' 

capacity  of  'V.'"  7  ' '  ,  ; 

Begovat  plant  223oh  21hoh  hd  .  ,  ' 


Technical  and  economic  ind3.cators  of  the  work  of  plants 
equipped  with  i^cumeter  furnacieso 


Piamdng  asaignmsnt 
for  conversion  o£ 

Kuvasay  plant  to 

gas  fuel  210 oO 

Standard  plan  of 
plant  •with  2  , 

furnaces >  each 
170  X  m  .  280  , 


190.0 

266 


10.0 


$o0 


Standard  plan  of 
plant  with  2 
furnaces,  each 
l85  X  5o0  m 


210.0  190.0 


4tA.ccording  to  ma'fcerials  of  the  planning  organ! zabions  Giprotsenen 

(Stalingrad),  Sevkavg3.prostorcyprom  (Novorossiysk),  ^.d  r 

according  to  the  date  of  the  Nil  Taement/SdentJ-fic  HesecaC;- 
Ins  titute  for  Cenient/. 


The  reduction  in  capital  investment  with  operation  oh  gas  ia 
connected  Trjith  the  fact  that  in  this  case  the  followl^ 
and  equipment  are  no  longer  necessary:  coal-storage  facilit_es, 
ooal-oi'ushing  and  -transport  depaz-traent,  fuel~dr5lng  and  grinding 
department.  Instead,  the  necessity  ^ses  for  the  folxowing,_^ 
considerabily  less  capital-intensive  structures :  branch  gas  line 
to  plant,  GPS  /  gazoprevodnJ^a  set*  ghi3“liJ^®  neowortc^?),  ana 
intraplant  networks. 

Reduction  of  the  volume  of  capital  investments  leads  to  a 
reduction  also  in  the  cost  of  cement,  since  the  amortisation 
is  reduced.  In  the  case  even  of  currently  operating  pianos  •wn-lcli 
have  been  converted  from  coal  to  gas  mortization  is  not  charged  ^ 
to  idle  equipment  co?inected  with  the  costoustlon  of  solid  fuel,  auc 
operating  costs  are  thus  reduced. 

With  the  conversion  of  plemts  to  gas  fuel,  theix*  operating 
staffs  are  reduced  in  number.  On  the  basis  af  accounting  data  axo 
the  various  planning  materials  px-esented  above,  this  reduction 
is  estimated  at  9 


The  nuDiBrical  reduction  of  personnel  in  the  replacement  of 
coal  by  gas  at  cement  plants  leads,  along  id-th  a  numl-e'r  of  other 
factors ,  to  an  increase  in  labor  productivity  and  to  a  I'^edactio:;. 
in  relative  labor  costs  for  the  px*od\iction  of  ce’menb.  A  compari.'v:,,... 
of  labor  costs  for  the  prodriotion  of  cement  in  1958,  at  plants  ^ 
employing  vari  >rn  types  of  fue?.  (equipped  with  l^O-mete:.’  furnace-.!;, 
cori-C-irms  iliis  BCCOTblr.i.^ 


of  inaia-hours  expaiaed  by  .^rfceys  pe?  ton  of -  ^ 


^957  1958 

At  plants  operating  on  coal  3.7 

At  plants  operating  on  gas  ^ .  2.1 

Irnpro^ement  of  product  Quali1:yo  It  is  well  toom  that 
the  principal  indicator  of  cement  qiiality  is  itq  average  gradei,, 
/sredr^raya  tiarka/o  Cement  grade  is  determined,  on  the  "basis  bf  the 
results  of  bonpyession  and  rupture  tests i  performed  upon  sampies 
prepared  in  accordance  ■with  the  GOST  /State  Bureau  of  Standards/o 

It  should  be  borne  in  mind  that  cement  grade  depends,  in 
addition  to  the  type  of  fuel  used,  also  upon  the  composition  of  the 
admixtOTes o  Therefore  it  will  be  more  correct  to  link  the  type  of 
fuel  burned  to  the  average  grade  of  clinker* 

We  have  analyzed  the  cl5.nker-quaiity  indicators  for  two 
Novorossiysk  plants  —  the  ”Prbletariy” ,  and  the  ’^Okfcyabr*”  r-  for 
the  195ti"1959  periodo  It  is  well  known  that  these  plants  were 
converted  in  the.' bar ly  part  of '1956  from  solid  fuel  to 
is  thus  available  an  opportunity  cf  tra.cing  variation  in  the  clinker 
grade  after  conversion  of  the  furnaces  to  gaso  Table  5  shows  ,;  ‘i;  - 
the  censnt-quality  indicators  at  these  plants  for  the  indicated 
years,  with  the  exception  of  1956  when  conversion  of  the  plaiits 
to"  gas  took'^placec  T' t-''  ;:i..  ’  L.:/;;.  'j 

:  It  :pan  be  seen  from  Table  S  that  the  average  clinker  grade 
increased  cpnsiderabily  in  t^he  most  recent  years  of  the 

monthly  'clinker-quality  indicators  at  these  pjlants  has .  shoym  .that., 
whereas  before  coinrersioh  to  ghs  the  yield  of  ‘'1+00** -grads  clinker 
was  a  fairly  frequent  occurrence  (and  in  a  number  of  cases  clink-yr 
of  even  lowbr  grades  was  obtained),  with  operation  pn  gas  fuelf 
the  ol3.3?ker  ,lias  an  grade  bf  noc  less  than  '’5SC‘'jfi  and  in  a,  :, 

number  of  cases  a  grade  of  ”600”  and  even  ;”7G0*!,  :  ,  ,  ,  ' 


I 


Table  5o  01inker«<quallty  indi-cators  at  the  "Oktyabr^*’  and  "Proleta^’iy" 
plants  for  the  1955^19^9  peilod^ 

R'c^jtin’e  strength,  Coiroression  strength, 

kg/cm^  kg/cm^ _ _ _ 

Duration  of  harderJ-Og,  days  _ _ _ 

t'Oktyabrt”  Plant' 


19$h 

'  '  20o2 

22r6 

27.1 

UOO 

U66 

552 

1999 

20o9 

23.1 

:  27o9 

385 

U50 

531 

1997 

29c0 

30.U 

32ok 

it28 

510  ' 

587 

1958 

•31.2 

32c7 

35.9 

l>72 

570 

61*8 

1959 

31o5 

32c9 

36.2 

489 

590 

671 

(I  half-year) 
^^Proletazy**  Plant 


I951i 

25oO 

26.1 

23o7 

381* 

1*33 

522 

1955 

22.7 

23.7 

26,1 

555 

■UM 

1*71 

1957 

28  „9 

30.2 

33.2 

379 

h99 

555 

1958 

31.2 

33.1i 

35.3 

3h9 

399 

'600 

1959 

28.1 

30.3 

32.1 

388 

1*81 

591 

(I  half-ysar)'.  .  ^  ^ '  *!'-- 

The  increase  in  cl'lrilcer  quality  vith  the  I’eplaceihsnt  of  : 
solid  fuel  by  gas  coJ.'respondingly  leads  to  an  increase  in  the 
quality  of  cement,  alth6i:igh,  as  has  already  been  indicated  aboye.- 
a  part  is  played  here  by  other  factors  as  tbll,  in  tiarticdlar  by 
the  nature  of  the  adirJjxture  included  in  the  congposition  of  thfe  ' 
cernento 

The  comparisons  presantod  above  referred  to  the  ref)laceTneri.t. 
of  solid  fuel  by  nattiral  gaSn  Wilth  respect  to  the  replaoeirent, 
at  cement  plants,  of  liquid  fuel  by  natural  gas^  two  question  grCuj£: 
may  be  noted? 

—  comparison  of  the  technical  and  economic  indicators  of 
furnace  operation  on  gas  and  on  masut; 

—  corapardeon  of  the  cost  indicators  of  oil  and  of  masubn 


8  - 


With  respect  to  iraproveinenit  of  the  technioal;  and  econonile 
indicators  of  revoi.virig“ft!rnace  operation  upon  the  cpnvers5.on  thereof 
from  liquj.d  fuel  to  natural  gas,  no  luiatiimoxis  opinion  has  as  yet 
been  formedo 

According  to  the  ind:Icators  of  tests  caa^ried  out  at  the 
Baku  cement  plant,  with  conversion  from  maztit  to  gas  the  prodnctivi'oy 
of  furnaces  increased  approadraately  by  6^,  and  full  consfan^tion,  ; 
on  the  contrary,  rose  l«5^-2^ /l,  2/» 

According  to  the  data  of  the  Vol^sk  cSment  plant  - 
converted  from  liquid  fuel  to  gas  in  1958,  the  hourly ^^  p^ 
of  fui^nace^i  their  cbeffic}.ent  of  utl3izationV  -the  relative  fuel 
consuiiiptioa,  and  the  clinker  quality  remained  unchanged  as  a  result 
of  the  eShversion  from  Masut  to  gas  B  r^According^^t^  data  of  the  .. 
other  Voi*sk  plant  ?Kbms5molets>W' with  conversion  of  the  furnaces 
from  liquid  fuel  to  gas  their  hourly  productivity  rose  lo5-2^.'» 
their  coefficient' of  Utilization  'remained  unchanged,  and  the  ‘ 
relative’ '-fuel  consumption  increased  3-l;5So  v*'  / 1,;  /o  ■■ 

Analysis  of -acobdntihg -data  for  the 'other  plant  .belonging 
to  the  vol^sk  group  also  pfecludes  the  formation  of  ahy'-deflEiite 
conclusions  ■»  At  the  present  time  it  can  onDy  be  noted  that  the 
conversion  of  cement  'plants  from  mazut;  to :  gas  leads  to  no’  slgftifica”'it 
changes  '  in'  the  techiibal  and  :|c;ohornic  indicators;;^^  opera- 

tiono  It  is  true' 'that  the  cost  of  mazut  faoilitiesiafc^ 
somewhat  higher  than  that  of  totraplant  gas  networks  and  CEP^s^  ^ 
hox^ever,  this  Circumstance  has  little  effect  on  the  cost  of-cemert 
production  and  on  relative  capital  investmisnts  ibr  this  purpose  t. 

With  regard  to  alteration  of  the  fuel  cost  as  a  rresiilt  of 
the  replacement  of  miuzut  by  gas,  not  ih  all  regions  is  gas  cheaper 
than  mazut 9  In  some  regions  the  cost  of  liquid  fuel  is  lower 
than  that  of  gas o 

With  respect  to  the  use  of  polysulfide  masuts  at  cement 
plants,  the  principal  drainfback  lies  in  the  following »  As  isi 
well  kno-wn,  a  plant  with  a  capacity  of  500-600  thousand  ions 
of  cament  per  year  will  require  a;^r<:b<lraately  ICO  tho'usand  tons 
masut  per  year.  Without  preliininaiy  desulfrrization,the  bbm- 
bustion  of  such  a  quanta,ty  of  polysulfide  raazufcs  is  inAdi-id-ssible 
from  the  point  of  view  of  sanitation  and  hygiene,  since  It  poll'!;;  .es 
the  air  with  sulfur  compoundso  Depehdihg  on  the  purificatibn 
method,  outlays  for  purifying  indiasti’ial  smoke  gaSes  of  sulftr  r 
compotmds^^?  ton  of  ’'standax’d”  fuel  for  installations  boh" 

su'ning  100  thoil&and  tons  of  mazut  per  year,  from  73  to  160  ruble::; 
in  terms  Of  cxh/ital  investment,  and  from  18  to  55  rubles  ih  ta.rx.U 
cf  xporating  coc'hsr 


With  these  considerations  taken  into  aoco’ont  the  combustion 
of  high-snlf UP  raazuts  already  becomes  considerabily  less  economical 
than  the  use,  at  cement  plants,  of  natural  gas?; 
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